Introduction: The ideal surgical technique for large incisional hernia repair
Introduction
Incisional hernia (IH), particularly large hernia with a transverse diameter ≥10 cm, is a great challenge for surgeons (1, 2) . The incidence of large IH among hernias of all sizes varies from 5% to 47% (3) . After surgical repair of such IH, a high recurrence rate (0-53%) and serious morbidities, which may require reoperation and significantly affect a patients' quality of life, have been reported (2) . In either open or laparoscopic IH repair (IHR), large hernia is an independent risk factor for mesh bulging as well as for recurrence (4) .
Though the effectiveness of laparoscopic repair for large IH with a transverse diameter ≥15 cm has been reported, the recurrence rate remains significantly higher than that for smaller hernia (<15 cm, 8.6 vs 1.1%) (5) .
Laparoscopic fascial defect closure with intraperitoneal onlay mesh reinforcement (IPOM-Plus) has been introduced to reduce adverse events in IHR (6) , and satisfactory outcomes were reported in some studies (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . As compared with standard intraperitoneal onlay mesh without fascial closure (sIPOM), IPOM-Plus is expected to reduce the incidence of adverse hernia-site events (23) . However, the literature did not mention the subgroups of hernia size and types of repair. Also, there has been no large prospective study comparing these two techniques for only large IHR (24) .
Materials and Methods
Forty-nine patients who had undergone laparoscopic IHR (LIHR) at the Jikei University Daisan Hospital between November 2005 and December 2016 were retrospectively analyzed, in which 26 patients had large IH. Large IH was defined as a hernia with a transverse diameter ≥10 cm. Operative outcomes of large IHR were compared with those of smaller IHR (n = 23), and large IHR were examined to compare surgical outcomes between sIPOM (n = 12) and IPOM-Plus (n = 14). Survey items consisted of operation time, early postoperative complications including seroma formation, mesh bulging, length of post-surgical hospital stay, recurrence, and chronic pain. In the early postoperative period, CT was taken when patients complained of abdominal discomfort with distension, and seroma formation was defined as fluid retention between the mesh and the anterior abdominal wall.
Patients were judged to have mesh bulging if they presented with swelling in the repaired area and if CT demonstrated mesh protruding into the hernial sac with the fixation of its edges intact.
Chronic pain after general surgery was defined as pain lasting more than 3 months (25), but after inguinal hernia repair, it was more than 6 months (26) . In this study, we checked existence of pain at 3 and 6 months after operation.
All operations were performed by surgeons skilled in laparoscopic surgery, and the selection of procedure, sIPOM or IPOM-Plus, was based on the surgeon's preference. All surgeons had sufficient experience in both procedures. Postoperative follow-up evaluation included physical examinations at 2-4 weeks, 3 months, 6 months, 1 year, and then annually. One patient died of disease unrelated to hernia surgery. CT was performed routinely at 3 months and 1 year postoperatively and then yearly thereafter, as well as whenever recurrence was suspected.
The study protocol was approved by the Institutional Review Board of the Jikei University.
Written informed consent was obtained from the patients for publication of study data. Data were analyzed using JMP ver. 11.2 (SAS Institute, Cary, USA), and study parameters were compared with the MannWhitney U-test and Fisher's exact test. P < 0.05 was considered to be statistically significant.
Surgical techniques
LIHR was performed with a 5-mm laparoscope. An antibiotic, usually a first-generation cephalosporin, was given prophylactically before the incision was made. General anesthesia was induced, and the patient was placed in the supine position with the ipsilateral arm toward the operator position placed over the patient's head. The surgeon chose the location of the trocars at the moment of the surgery. In most cases, the first 12-mm trocar was placed on the anterior axillary line in the left upper quadrant, and an additional two 5-mm trocars were placed in the same lateral abdominal region. If extensive adhesions were found in the abdominal cavity, they were taken down laparoscopically in both groups.
For sIPOM, the hernia defect was measured, and an appropriately sized prosthetic mesh was tailored to overlap all margins of the defect in each direction by at least 3 cm and, if possible, 5 cm. At least four 2-0 polypropylene sutures were placed equidistantly along the mesh. Points of reference on the mesh and corresponding points on the abdominal wall were marked to aid in orienting the mesh after its introduction into the abdomen. The mesh was rolled up and pushed into the abdomen through the 12-mm trocar. After the mesh was positioned intracorporeally, the sutures placed in the material before its insertion into the abdomen were pulled through the abdominal wall with an EndoClose and tied with the knots buried subcutaneously. An additional four full-thickness sutures were placed with the EndoClose™ (Covidien, Mansfield, MA, USA) and a suture passer.
For IPOM-Plus, the hernial orifices were closed by an extracorporeal interrupted suture technique with #1 or #2 nonabsorbable monofilament sutures for additional intraperitoneal onlay mesh reinforcement ( Figure 1 ) (7). In two cases, because of strong tension in the fascial closure, laparoscopic internal release of the transversalis fascia was performed; a longitudinal incision was made laparoscopically in the peritoneum and in the transversalis fascia from its costal margin extending inferiorly to its attachments to the pelvis (27) . Mesh size selection was based on the original fascial defect, and the mesh overlap was at least 3 cm and, if possible, 5 cm in each direction. Fixation of the mesh was performed in the same fashion for sIPOM.
For both procedures, no drains were inserted. Fascial closure with sutures was performed at all 12-mm trocar sites, except in the early period of sIPOM.
hernia is described according to the European Hernia Society classification (28) . All lateral hernias were on the right side after appendectomy. Patient characteristics were similar in both groups. Surgical outcomes are shown in Table 2 . When compared with smaller IH, large IH required a longer operation time (109 vs 150 min, P = 0.0026) and were associated with more frequent seroma formation (0% vs 19%, P = 0.0265) and bulging mesh (0% vs 23%, P = 0.0237). All seromas were minimally symptomatic and spontaneously resolved within 3 months after surgery. According to recent classifications for seroma development after laparoscopic ventral hernia repair (29) , seromas in this study were type I (clinical seromas lasting less than 1 month) or type IIa (clinical seromas lasting 1-3 months).
Although there was no statistically significant difference, large IH were more likely to cause chronic pain at 3 months after surgery. There was no case of chronic pain lasting over 6 months after surgery. Recurrence was observed in one case in each group (sIPOM vs IPOM-Plus, 8 vs 7%); there was no statistically significant difference.
For patients who underwent sIPOM and IPOM-Plus for large IH, types of previous abdominal operations and demographic data are shown in Tables 3 and 4 . Patient background and hernia type and size were similar between the two groups. Surgical outcomes are shown in Table 5 . The median operation time was 150 min for sIPOM and 148 min for IPOM-Plus. Postoperative complications within 1 month after surgery were observed in four cases of sIPOM (33%) and included seroma (n = 3, 25%), subcutaneous hematoma (n = 1, 8%), and port-site hernia (n = 1, 8%). Complications were likewise observed in three cases of IPOM-Plus (21%) and included seroma formation (n = 2, 14%) and deep vein thrombosis (n = 1, (2, 30) . IPOM-Plus was introduced by Franklin et al. to reduce the incidence of adverse hernia-related events including recurrence, seroma formation, and mesh bulging (6) . Several reports have indicated the effectiveness of IPOMPlus (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) , and a recent systematic review concluded that IPOM-Plus was more effective than sIPOM (23) .
In the literature, however, the techniques used for fascial defect closure varied, as did hernia size. In this study, we conducted retrospective data analysis of our LIHR but focused on only large IH with a width ≥10 cm.
With regard to IPOM-Plus techniques, in some cases with large hernia, simple fascial defect closure is not feasible because of excessive suture tension. In such cases, additional relaxation of muscular layers seems effective, and in two cases, we performed intracorporeal release of the transversalis fascia as reported by Milburn et al. (27) . However, the Milburn technique presents several issues such as the creation of a large bare area of muscle between the costal arch and the groin area, which might cause intra-abdominal adhesions or inguinal herniation. The International Endohernia Society guidelines suggest that in IPOM-Plus, component separation technique may bring less tension on the suture line of the fascial closure. (31). (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) In the present study, the incidence of postoperative complications after LIHR for large IH was 27%, which is similar to that in previous reports; however, these reports did not describe the specific subgroup of hernia size (30, 32) . Moreno-Egea et al. found that IHR for large IH had much higher morbidity rates than that for smaller IH; specifically 2% for IH with a diameter <10 cm, 20% for 10-12 cm, and 35.3% >12 cm (1). The most representative early postoperative complication after large IHR is seroma formation (3). Late complications include mesh bulging and chronic pain.
Seroma formation often destroys the aesthetic outcome for patients and causes discomfort, pain, and/or infection. The true incidence of seroma formation after IHR is unknown because its presence is highly variable from one series to another (29) . One of the main issues related to these large differences is that seroma diagnoses in the literature have been based on various diagnostic criteria by different authors. In one comparative study of IPOM-Plus and sIPOM, the incidence of seroma was 5.6 vs 27.8%, but in another study, it was 11.4 vs 4.3% (18, 19) ; this could indicate that the effectiveness of IPOM-Plus is questionable in terms of reducing seroma formation. In the current study, the incidences of seroma formation after sIPOM and IPOM-Plus for large IHR were not significantly different (25% vs 14%). Given the expected incidence of seroma formation (22) , IPOM-Plus resulted in a high occurrence of seroma in the present study. In some cases of IPOM-Plus, the hernial sac had a transverse diameter that was much wider than that of the fascial defect, and it might not have been sufficiently closed. In such cases, efforts to reduce the dead space may be necessary.
Mesh bulging is a recently reported complication of IHR. It is believed that the underlying mechanism that causes this is the central nonfunctioning portion of the abdominal wall that can protrude into the hernial sac due to intra-abdominal pressure, which can be explained by Laplace's law. The patient would feel this as "recurrence." The definition of ventral hernia recurrence is vague. In contrast, with inguinal hernias, postoperative groin bulging on the operated site is diagnosed as a recurrent hernia. After IHR, an abdominal wall bulge is diagnosed as a recurrence only when a definitive gap between the hernia edge and the musculofascial tissues is identified; other bulges, including mesh bulges, are diagnosed as pseudo-recurrence, which may contribute to patient dissatisfaction. The incidence of mesh bulging after sIPOM has been reported to be as high as 17.4%. From our data, the incidence of mesh bulging was remarkably higher (50%) after sIPOM for large IH and significantly reduced after IPOM-Plus.
Chronic pain after hernia repair is always an issue of capital importance after either inguinal or ventral hernia repair. IPOM-Plus undoubtedly deviates from the concept of tension-free surgery because of the straight approximation of the fascial defect edges, and the incidence of postoperative chronic pain may be higher than that after sIPOM. In the present study, no chronic pain persisting over 6 months after operation was observed after sIPOM or IPOM-Plus, but in the early postoperative period, IPOM-Plus had a tendency to be associated with pain.
In the current study, postoperative hospital stay after sIPOM for large IH was significantly longer than that after IPOM-Plus. The follow-up term, however, was longer in sIPOM, as it is an older procedure; patients formerly were asked to stay in the hospital longer than they are now, which might have influenced the duration of stay. Only one recurrence was observed in the sIPOM group, but no significant difference was encountered. A longer follow-up term is necessary.
Our study had some limitations because it was retrospective in nature and involved only a small group of patients. Therefore, the analysis might have some risks of selection bias. Further research is necessary.
Conclusion
In LIHR, IPOM-Plus seems to be more effective than sIPOM in terms of reducing the incidence of mesh bulging. The risk of mesh-related morbidity, recurrence, and mesh migration after IPOM-Plus seems to be low, but a prospective, higher volume study is essential.
